=717 53 A] A 284 A 3%

J. KOSAE Vol. 28, No. 3(2012) pp.325~ 347

Journal of Korean Society for Atmospheric Environment
DOI: http://dx.doi.org/10.5572/K OSAE.2012.28.3.325

R7IZ 72 o JIMSE AR (2000~ 2009)E 0| &
PMio2 NO,o| Z5HME Jl0{ 83} vl J|oige)
Hus FHAT

Quantitative Estimation of Precipitation Scavenging and Wind
Dispersion Contributions for PM,, and NO, Using Long-term Air
and Weather Monitoring Database during 2000~ 2009 in Korea

Deukyong Lim, Tae-Jung Lee and Dong-Sool Kim*
Department of Environmental Science and Engineering, College of Engineering,
Kyung Hee University, Global Campus

(Received 21 February 2012, revised 2 April 2012, accepted 24 April 2012)

Abstract

Long-term air and weather data monitored during the period of 2000 to 2009 were analyzed to quantitatively
estimate the precipitation scavenging and wind dispersion contributions of ambient PM,, and NO, in Korea. Both
air pollutants and meteorological data had been respectively collected from 120 stations by the Ministry of
Environment and from 20 weather stations by the Korea Meteorological Administrations in all parts of Korea. To
stochastically identify the relation between a meteorological factor and an air pollutant, we initially defined the SR
(scavenging ratio) and the DR (dispersion ratio) to separately calculate the precipitation and wind speed effects on
the removal of a specific air pollutant. We could then estimate the OSC (overall scavenging contribution) and the
ODC (overal dispersion contribution) with considering sectoral precipitation and wind speed probability density
distributions independently. In this study, the SRs for both PM,, and NO, were generally increased with increasing
the amounts of precipitation and then the OSCs for PM,, and NO, were estimated by 22.3% and 15.7% on an
average in Korea, respectively. However, the trend of the DR was quite different from that of SR. The DR for PM
was increased with increasing wind speed up to 2.5 m/s and further the DR for NO, showed a minimum in the
range of 1<WS<1.5. The ODCs for PM,, and NO, were estimated by 14.9% and 1.0% in Korea, respectively.
Finally, we have also provided an interesting case study observed in Seoul.
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Table 1. A summary of raw data structures used in this study.

Timeinterval Data source
PM 4 1 hour Monitored from 2000 to 2009 at the National
Variable NO, 1 hour Institute of Environmental Research
Precipitation 1day Monitored from 2000 to 2009 at the Korea
Wind speed 1 day Meteorological Administrations

No. of air monitoring
stations (120)

Seoul (27), Gyeonggi (8), Gangwon (5), Busan (15), Ulsan (12), Gwangju (6), Jeonnam (2), Jeju (3),
Daegu (11), Gyeongbuk (4), Dagjeon (7), Chungbuk (4), Jeonbuk (3), Incheon (13)

No. of weather
observation stations(20)

Seoul, Suwon, Icheon, Dongducheon, Chuncheon, Wonju, Gangneung, Busan, Ulsan, Gwangju, Mokpo,
Suncheon, Jegju, Seogwipo, Daegu, Pohang, Dagjeon, Cheongju, Gunsan, Incheon

Total No. of data but missing datawere excluded.

Approximately 16,845,000 of meterological and air pollutants data were analyzed in this study,

#d3he 71xAlsR F85 3 Qo =3 d7|d
2 Algel mhe a3E FAEkAL rlge] 7]
A #AH f3el o] gsta vk d71 e AHEE
Ao FEd SAL AR A el o)A
ahod, 7] e BFAATEA ek PMyeS el E
4= (B-ray absorption method), NO,= #}3hd33
(chemi-luminescent method)2- o] &-3tc}. A F7]=
PMye 1412F 5¢)2 AAs)od, NO= Seuteh =}
% 2Aso] ol% 603 H9)= Fwste] 147 9]
o] 2t27} A= 3 9l (MOE, 2011).

E AT dFddAge 71 eAA sk
A3714BEAA o] AT Ao F A oGS
o] @ L T AFNE Hdez siglH
wpebA] A Mg 2770 AA, A7 = ] 674
A 5 20 ARELTY 9% AGe) F 1207
Aol H7les A5EAY Ants Bestac
£ Lot 2 A7 71 4RS Ags
FEAY A- A FAA S T3 vk
% 39 1& 24742 92 nelFa gleh
¥ Aol AHgE ks 2000848 200037+

S
iC)
o)

dl

2034 S45 9 At FEAR0IG AR
o A4 FHE flsted W7o AR PMy
7 NO, Atz sl fFaAtsaizlvge] 75%
o]l Amrhe el mhA & A7l T4
H fra d7)edEd dxse A 1685 A
=3tk 3, A Ass d2e2 AlAssl T 8t

2 7%epel 0.1mm o)Al A$- A4z e

#* Surface weather observation stations
Air quality monitoring stations

Meters

0 29000 58,000 116,000 174,000

Fig. 1. Locations of the air quality monitoring and surface
weather observation stations.
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Table 4. The annual mean and standard deviation for PM,, and NO, monitored in Korea.

Year PM o (ug/im?) NO, (ppb)
Seoul Gyeonggi Incheon Others Seoul Gyeonggi Incheon Others
2000 626125 50.2+23.0 51.2+52 51.7+104  345+70 35.9+6.2 241+6.3 224+6.9
(63.8+49.2) (51.1+456) (52.9+44.0) (58.3+44.1) (345+19.3) (35.7+19.7) (239+154) (22.6+15.0)
2001 65.7£11.9 61.3+13.1 479+4.7 494+131 36.7+4.9 338+25 27.0+81 23.7+6.6
(721+62.6) (67.3£58.0) (52.4+47.0) (56.2+46.9) (37.0£20.1) (341+183) (269+17.4) (25.3+15.6)
2002 653+7.7 55.5+7.7 52.0+10.0 505+125 365+39 30.8+2.9 274+838 21.3+7.2
(75.9+101.4) (63.1+£733) (57.5+65.8) (60.7t70.6) (36.1+182) (30.7+16.5) (27.2+18.3) (22.7+15.3)
2003 68.8+6.9 60.5+11.6 60.4+84 49.6+14.1 38.1+4.9 34.1+6.0 30.1+104 19.7+£75
(69.3+48.7) (59.3+41.3) (60.6+454) (50.1+33.9) (38.1+188) (341+18.0) (29.9+19.9) (21.0+14.3)
2004 58.8+6.6 66.5+8.9 60.7+10.8 53.7+109  36.7+43 314+6.3 28.6+8.6 214457
(60.5+41.1) (67.6+£455) (61.7+43.2) (56.0+358) (36.6+18.7) (31.7+17.1) (285+18.0) (22.8+14.7)
2005 55.7+7.0 62.6+9.7 59.6+104 514+109  339+48 20.3+4.1 25.0+6.9 19.2+58
(57.8+40.5) (64.5+434) (61.2+43.9) (54.3+356) (33.8+181) (291+16.7) (249+16.1) (21.3+13.9)
2006 54.7+4.1 65.5+9.6 59.7+124  50.8+85 36.3+3.8 29.3+7.0 29.3+7.0 195+5.6
(59.5+65.0) (69.9+821) (64.9+59.9) (55.2+49.2) (36.2+18.3) (29.6+16.6) (28.8+17.9) (21.2+13.8)
2007 57.7+35 62.7+8.4 59.1+9.9 49.9+87 38.3+3.6 31.0+9.1 31.1+84 19.0+£5.7
(61.3+50.2) (65.6+51.1) (62.1+50.7) (54.0+56.5) (38.1+19.2) (30.6+19.3) (30.8+19.7) (20.8+13.7)
2008 529435 57.2+94 56.6+7.1 50.3+8.2 37.4+3.6 30.3+9.9 31.3+83 194+54
(549+38.8) (589+412) (585+38.8) (52.7+417) (37.5+£19.0) (30.3+19.0) (31.0+19.3) (21.2+14.1)
2009 51.7+4.2 55.8+8.2 56.6+5.7 497+7.8 35.7+3.8 322471 30.6+6.9 19.5+47
(53.9+43.6) (58.3+457) (60.8+45.8) (49.6+34.7) (355+183) (321+184) (30.6+19.4) (21.0+14.2)

Note: The numbersin parentheses refer to mean+ SD when including Asian dust storm events.
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Table 5. The number of days exceeding the annual ambient air quality standards (AAQS).

PM o NO,
Year
Seoul Incheon Gyeonggi  Others Total Seoul Incheon  Gyeonggi  Others Total
2000 79 41 13 26 27 35 2 18 3 7
2001 117 50 32 44 46 50 12 8 4 8
2002 136 60 29 58 58 45 8 6 1 5
2003 150 117 37 64 67 57 15 11 2 6
2004 117 114 89 77 83 55 18 11 1 6
2005 93 91 96 66 73 36 6 10 1 4
2006 97 108 136 71 84 52 16 11 1 6
2007 218 210 239 138 161 239 163 102 38 64
2008 171 205 228 148 164 242 170 92 42 66
2009 150 192 217 137 152 219 162 126 40 68
Note: AAQS for PM,, : 80ug/m® - year in 1995 — 70ug/m® - year in 2001 — 50 ug/m® - year in 2007
AAQS for NO, : 50 ppb/year in 1983 — 30 ppb/year in 2007

oz PMyp?t NOo| FAkst Al77F felstdvty & Alonw, AL J 7k 940mm= 7H3
ki) (Schwarz et al., 2008; Park et al., 2004). A3 oJ2He|= 7945mm= A-Le] oF 85ulo] =

*J_Xﬂi FEH0 2004 o] F A PMy v= e e 2o AdEE F3E Aols Bt
T A% s T AgHedE AxE ARl A4 18] B wH7d4are] 10mm o)l B9vt A
%7}6}3 T2 2= ARIZE Aadhs 5 54 A9 70.3%% 3, T F 1mm kel 9= 33.0%
el Jgoz mARIAL) Fwsk B371F olst ok Hieh 200mm o] e wel A
QA S 29 D, A Gsd A A7 2-390) AR gkes, Ausl A% o)
FrEr +EA) Pt NO, =7t A1%2) 7§ % 34 F=g nolnh wA3ews) e
AT 2 2390 SUTk 200990] Py ATL ] A PAT o 1=-08302 > 5 4
&2 539ug/m®, 737] 583ug/m®, Qldle] 60.8ug  AE Ho|n FARIIpEFe] TUESE wlEsE A
e AFHTY S24pgiEEh R, NO, o tHew FAs Aashich

Al 241 35.5ppb, 7 7] 32.1ppb, 1A 30.6ppbz A
<l 259ppbE ZF3tgdet. o) ¢} HFle] 3
3 (MOE, 2011)¢] @2 PM;pe $=HAX] oA
%3] Ztasieirl, 20099 HA =S Hal
20103013 7)5A] )8} (47ugm) = 2Fasksd e

&

5
T

44 o M

3.2 Zxol ot 2HEHL| SEHs

7143 7)) 25k (KMA, 2012), 7
24~ (%) (number of days with precipitation)= F=
4719 %74]2_ W7] 95kl ALL-Ech Quidow o
2utete] 79 Zh4efo] 0.1mm oAkl A4z A4k
b e 0081 %e] 204171409 B 19 7k
o] g-3t3 vt W, S-2joh= 2E] nl5 sk
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42 AHo)stx 9tk (NOAA, 2012).
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Fig. 3. A long-term trend of PM,, in the Seoul Metropolitan area, 2000~ 2009 (Prec. stands for precipitation; non-AD
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Table 6. Mean concentrations and scavenging ratios (SR) for PM,, and NO, based on sectoral precipitation amount

during 2000~ 2009 in Korea.

Prec. (mm) Nong” Prec® <5 <10 <15 <20 <25 <30 <35 <40 <45 <50 >50
No. of cases Metro.? 12996 5269 3047 672 367 239 164 135 100 103 66 52 324
(@ 's) non-Metro? 37,515 17,280 10,008 2,134 1,322 838 587 433 327 264 198 192 977
i Korea® 50,511 22,549 13,055 2,806 1,689 1,077 751 568 427 367 264 244 1,301
PM o Prec. (mm) None Prec. <5 <10 <15 <20 <25 <30 <35 <40 <45 <50 >50
Metronolitan Mean(ug/m®) 632 492 544 473 485 419 390 448 332 339 420 359 328
aren P +SD(ug/m®) 354 299 308 275 285 323 227 263 190 207 266 248 214
SR (%) base 222 140 252 234 338 383 202 476 464 336 432 482
Non-Metro Mean(ug/m®) 554 428 457 431 404 414 384 381 364 356 322 348 306
aren " +£SD(ug/m®) 274 237 242 248 226 226 206 21.0 202 191 185 229 179
SR (%) base 228 175 221 271 253 307 312 342 357 419 372 448
All narts of Mean(ug/m®) 587 455 494 449 436 416 387 408 350 349 366 352 315
Korga +SD(ug/m®) 313 267 275 261 255 269 215 234 197 198 229 236 195
SR (%) base 225 159 235 257 292 342 306 404 406 377 400 463
NO, Prec. (mm) None  Prec. <5 <10 <15 <20 <25 <30 <35 <40 <45 <50 >50
Metronolitan 162 (PPD) 354 298 313 297 300 279 270 278 261 254 275 259 237
aren P +SD (pph) 159 133 138 132 139 122 114 118 97 104 122 134 96
SR (%) base 158 116 161 152 211 236 215 262 282 221 269 330
Norn-Metro, €2 (ppb) 229 193 197 198 194 196 182 190 181 179 167 174 167
aren " £SD(ppb) 116 104 106 106 103 104 96 105 93 93 86 93 91
SR (%) base 157 140 136 153 143 207 170 208 216 269 238 27.0
All partsof M€ (ppb) 281 236 245 240 236 229 217 224 215 212 214 203 197
Korga +SD (ppb) 149 128 133 128 129 118 112 118 103 105 116 116 99
SR (%) base 158 128 147 159 184 229 201 233 245 236 276 298
Note:

9 Metropolitan area are including Seoul, Suwon, Dongducheon, Icheon, and Incheon

2Non-metropolitan area are the rest 15 citiesin Korea, except 5 citiesin Metropolitan area
3All parts of Korea cover 20 cities in both metro and non-metro areas
‘Al cases excluding precipitation events
9Preci pitation events, + SD: standard deviation
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Fig. 4. The average PM,, and NO, concentrations as well as scavenging ratios (SR, %) for each sector of precipitation
intensity (mm day™') during the years of 2000~ 2009.
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Table 7. Scavenging ratios (SR), scavenging contributions (SC), and overall scavenging contributions (OSC) for PM,,
and NO, based on sectoral precipitation amount during 2000 ~ 2009 in Korea.

PMyq NO,
Sector, j Prec. (mm) N (days)? &9
SR (%) SC (%) SR (%) SC (%)
1 PY<1 7,447 33.0 13.7 45 11.9 39
2 1<P<2 2,145 9.5 175 17 13.7 1.3
3 2<P<3 1,435 6.4 179 11 135 0.9
4 3<P<4 1,125 5.0 20.8 10 134 0.7
5 4<P<5 903 4.0 21.2 0.8 16.0 0.6
6 5<P<6 728 32 20.8 0.7 145 0.5
7 6<P<7 655 29 19.2 0.6 9.2 0.3
8 7<P<8 532 24 275 0.6 16.6 0.4
9 8<P<9 480 21 274 0.6 17.8 04
10 9<P<10 411 1.8 25.0 0.5 17.8 0.3
11 10<P<20 2,766 12.3 27.1 33 16.9 21
12 20<P<30 1,319 5.8 32.6 1.9 217 13
13 30<P<40 794 35 40.5 14 23.8 0.8
14 40<P<50 508 23 38.8 0.9 25.6 0.6
15 50<P<60 354 1.6 42.8 0.7 27.7 04
16 60<P<70 251 11 429 0.5 275 0.3
17 70<P<80 162 0.7 417 0.3 333 0.2
18 80<P<90 123 0.5 51.8 0.3 30.9 0.2
19 90< P<100 98 0.4 41.3 0.2 29.6 0.1
20 100< P 313 14 53.9 0.7 318 0.4
Total 22,549 100 - - -
osc? - - - 223 - 15.7
Note:
YPrecipitation, j: sector of precipitation amount
2N (days): the total number of rainy days during 2000~ 2009 in 20 cities of Korea
95,: precipitation probability for ™ sector
4SR: scavenging ratio (%) for each sector
9SC: scavenging contribution (%) for each sector
90SC: overall scavenging contribution (%)
3.4 dj2tol| o|st LUSAQ = His) W Wb g s v 15~20m/is % 1.0~ 15m/s +7¢

AFA <l 537 edzele] A& dotsir] 9 oA A 7|44 73,0604 77 18.4%
) \:}—‘?— 271A] Wb 2o Azl dF= 3 18.2%% Ho FF F7tolelem, 05m/s o3l & 5
oh 94, 1) F40] Wsle)] wE egiwe] Hyxs B misEI 73R A7 A vhe] 31% % 3.5%e
Al or, 2) 2EQ Fe] 29xs J|For & EHIH. ofd wpet B AFeAE 0.5misE F
7708 A S Q=S AAlsle] 49 e B ez AAstn VEie=s Agter, o] F 05

1 AoJeh= o m/s 7t o2 5m/s 23t TR F 10702 F&F
B gkl 2 0 QS

o —%—’* 241\]7} ﬁ—’r—x}g

vele] 2% 73 (calm condition)2 < 0.2m/s o] £ 8ol F42 Wizl b 29 =] S Al
sfol| 4] 2006 RE] 0.4m/s o]etz WAE 71Ee w ABRL Sledl, 42 7t wel PMyet NO, 5
=3 9o} ubd, m]Fe] Aol 3mph(L34misec) T AEH AT wdow, ot
o]3l2 2E7)Fo 7 Aby g5 (NOAA, 2012). &2 TAMLE felsislet (p<0.001). TAH o=
A FdedSs zdkeE 107 A= 2000 7)AME= F2771 PM 0 HxZo|2 BA3IgC 2 ‘l’
AR AN F FLEEE 05mis7HEem = 05misolstel F7H(E QAFeME FEFoE A
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Fig. 5. Overall scavenging contributions for PM,, and NO, in Korea.
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Table 8. Mean concentrations, dispersion ratios (DR), dispersion contributions (DC), and overall dispersion contributions

(ODC) for PM,, and NO, based on sectoral wind-speed during 2000~ 2009 in Korea.

Sector, j 0 1 2 3 4 5 6 7 8 9 10
Tota ODC?

WS(m/s) <05 <1 <15 <2 <25 <3 <35 <4 <45 <5 >5
Metro.V 599 2,667 4,145 3,928 2920 1,657 1,026 576 316 198 233 18265 —
Number of non-Metro.? 1,701 6,304 9,133 9,494 8598 6,676 4,496 2,962 1,876 1243 2,312 54,795 —
cases(days) Korea® 2,300 8,971 13278 13,422 11,518 8,333 5522 3538 2,192 1,441 2,545 73,060 —
n; (%)? 31 123 182 184 158 114 76 48 30 20 35 100 -

PM o WS(m/s) <05 <1 <15 <2 <25 <3 <35 <4 <45 <5 >5
Mean(ug/m®) 730 659 664 639 566 545 517 486 456 501 463 — -
Metropolitan +SD(ug/m®) 426 390 368 351 329 316 304 302 348 272 214 - -
area DR (%) base 96 90 125 224 253 291 334 376 314 366 — =
DC (%)® base 14 20 27 36 23 16 11 06 03 05 - 16.1
Mean(ug/m®) 621 605 542 522 505 502 482 473 472 451 462 - -
Non-Metro. +SD(ug/m®) 361 315 280 262 259 258 250 244 249 244 254 - -
area DR (%) base 25 126 159 186 191 223 237 240 274 256 - =
DC (%) base 03 21 27 29 23 18 13 08 06 11 - 16.0
Mean(ug/m®) 652 622 591 580 535 520 496 47.8 467 467 462 — =
All parts of +SD(ug/m®) 384 340 324 315 297 285 273 266 285 254 245 - -
Korea DR (%) base 46 93 111 178 202 239 267 284 284 291 - -
DC (%) base 06 17 20 28 23 18 13 09 06 10 - 14.9

NO, WS (m/s) <05 <1 <15 <2 <25 <3 <35 <4 <45 <5 >5
Mean(ppb) 351 362 391 382 340 299 265 244 213 189 156 — =
Metropolitan + SD (ppb) 180 164 166 157 141 124 111 102 90 85 76 - -
area DR (%) base -33 —-113 -89 30 147 245 305 394 462 555 — -
DC (%) base -05 -26 -19 05 13 14 10 07 05 07 - 11
Mean(ppb) 240 265 248 226 215 208 199 186 175 160 145 - =
Non-Metro. +SD (ppb) 121 131 119 111 108 108 106 98 97 91 90 - -
area DR (%) base ~105 -32 58 104 134 171 224 269 332 398 - -
DC (%) base -12 -05 10 16 16 14 12 09 08 17 - 85
Mean(ppb) 271 295 305 302 276 245 224 206 187 169 147 - -
All parts of +SD (ppb) 149 148 156 156 140 123 112 103 96 90 87 - =
Korea DR (%) base -89 -126 —115 -19 93 173 239 308 374 456 - -
DC (%) base -11 -23 -21 -03 11 13 12 09 07 16 - 1.0

Note:

Rainy days are included in this result.

YMetropolitan area are including Seoul, Suwon, Dongducheon, Icheon, and Incheon
2Non-metropolitan area are the rest 15 cities in Korea, except 5 citiesin Metropolitan area
3All parts of Korea cover 20 cities in both metropolitan and non-metropolitan areas

“;: wind-speed probability for j* sector

9DR: dispersion ratio (%) for each sector

9DC: dispersion contribution (%) for each sector
NODC: overall dispersion contribution (%)

He} gl 7] Foll FA57] d
TR M= 7 S
Ek ot o]2st o] f2 o]Feudde W=t

E=Fe] B EARY b
Noz-/] =7t S Als

T2

qe
>
2
ftfo
o
Py
=3
=
C
a
o
=)
%
a
=3
-8
Q
@
o
>
§
S -
fu
X

J. KOSAE Vol. 28, No. 3(2012)



N
3" /(24 120 X rw)-Y- W, /(24 x 120 x riw)

- = x 100
Y~ S/(24 x 120 x nw) (3
i=1

o}7]4, DR=29E4 (PM;; == NO)<| jld ¥
L7748 BARE (%); j=1, ..., 10., S=2000~ 20094
5 T (<05m/se)712F F 12000 H71&5AY 7
Zrell A ZAE WA 29EAL] AE=AE
(ng/m® == ppb), W, =2000~2009 <t j¥iA)
T4 F 12000 H715A Al S5 kd
A 2ABALY A7t EalE (ug/md == ppb), 24X
120=24A17} x 1207 ©7)ZA 9}, nw=2000~ 20093
ek 207 SAHZeNA F2H F FFLS (hw=
2,300%), 22] 3 mw;=2000~ 200941 E<t jHA F

&7t F FFYSE Yu)gith
219 A ()2 A=e] DRgE AAks7] $18k
o], = SIS AAK deol= 72 3
71dEA A od e a&st 7S] o dEA
=28 E 43T B A7l s BAEal 7]
[27] slellMe] edEAe Faldsks Hrisp|
& kA o] AlElE B ALsldh =
8L F&y7bHz AEE DR{E HoFa 9o
PMy®] 7, A=4 frelA] ASE o, F&o] F
b RAREE wha A Srhskelen 4m/s o]

[s)
AlE BAETE] S ARE ReEh S
[e]

w7 vehgid, SEAle] Ae mEe] B 1
o] 715k 25 95o] RS glo] WG] wlsled
SARA st ok F4e) Watel % ¢ e
A W wel7] wel HAbEb amE vk
T 4 ek NOSl A%, AFHom: Fhol 25
mise) @7}x] DRgke] £t

Ao wAbgR} Fohe AL

o] oF 25m/sd w7} A&7 HALgo] AL 7

2> NG| A g% 77to = Atasinh 34, NO,o
220 1<WS<159 E&F7A 7b4 =9k

AFNME 7l 27 AlA7] 8 A
g ez Fol A7 egEAL] A
+& s, o] o Aed= 23 o) F

55 10 ez a3 vk
FUEE AR 3 A Q)elM 73 73hE EAb

oft rie
.

1

4 do 2
2 e

kv 7] 33 813 R] A 28U A 3&

T8 ¥k FARE F upgel o3 FF EAabro
E& AR ] 7152 94 57 AAH
0.5m/s o] 3}2 &}k

o 7]A], ODC=2000~ 200917} wishol] oJ3t F24
Ab7] o4& (overall dispersion contribution, %), DC=
2000~20097F A F47700] FAE7]o & (sec-
toral dispersion contribution, %), DR=j® A F<4-17¢
o] EARE (%) j=1, ..., 10, 223 =R F&5T
7+e] wlst #-51 = (probability density) & o]m|&tc}.
2 89 17 6ol|A BZo], PMyge BE F477¢
oA (+)2] BAHES BWolom, F= 15~3m/se| ¥
&7l A 2% o] A4S 2> &E (2~25m/sef| A
2.8%= F|a7|o]§)E& Byrh uid, NO°l 3¢ 25
m/s et M= T4 Fll= 73k F=7t
232 B REsle] (0)9 g 2T,
(Dl #4¢], 25miss 23k Fhelae 57}
ston, amise 22 ) ohA) Zashgich vhA
o E&TRRR SmisE 2 276lA L6%=
P =

ol¢} L Ais B3 F EHY e9AFH
AEAE Fod 4 s e g F
< Sl Az FEe] St o7 =t
FolA e H el 7kt B NG| =+
2 o] o] Fedel 7 JFgFE Pormz 5
A F&77H25m/s 23 ARE 7] F Akl 9
3 AFFHdez wxr} 2tisty, 25mis o)Fd 7
NO, s=% 23|83 4L 54L Aok
Gupta et al. (2008)sl] ©]3}w, £ Ad4=s} &
A AR B F=el 7 71
Atz FFE vl 2| EAS M g
3 vbH ok vig 23]
o] T= F7ke] 9ol "
2 vt uigtel 23t A
o] MAEA et 2 zlolE B
F2 21791 € (0DC) 14.9%% wef Ao 2o
A ztell wlwd Avgl 7145 3kl o), NO2l 75
A o4 go] 1.0%E Mo AtdA Aztade AR

A BlE e ok 4 algik

rlu
o
o
o
oz
r—h.,’



A717 47129 B 7| AEA AR (2000~2009)F o] 43 PMypst NO,®| 744MA 7] &5} wlgheal 7o g0 AA 247 343

4.0 4
3.0
20
IS
£ 10
5
2
'g' 0.0 ¢
© a1
71.0@

—e— PM,,

Wind speed (m/s)

Fig. 6. Sectoral dispersion contributions (DC, %P) estimated for PM,, and NO, during the study period of 2000 to 2009

in Korea.
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Fig. 7. The frequency distributions of wind-speed between two different periods (Period-A: 2000~ 2003 and Period-B:

2004 ~ 2009).
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Table 9. Dispersion ratios (DR), dispersion contributions (DC), and overall dispersion contributions (ODC) for PM,, and

NO, during two different periods in Seoul, Korea.

Sector, j 0 1 2 3 4 5 9 10
Tota  ODC?
WS(m/s) <05 <1 <15 <2 <25 <3 <35 <4 <45 <5 >5
Period AY 10 128 337 367 276 164 8 56 29 8 4 1461 -
Number of M, (%0)? 07 88 231 251 189 112 56 38 20 05 03 100 -
cases(days)  Period BY 3 214 619 595 351 204 113 58 29 6 2192 -
n; (%) 00 01 98 282 271 160 93 52 26 13 03 100 -
PM o WS(m/s) <05 <1 <15 <2 <25 <3 <35 <4 <45 <5 >5
Mean(ug/m®)  69.7 60.7 700 727 621 604 566 513 552 750 474 - -
Period-A +SD(ug/m®) 57.8 395 40.6 410 327 348 335 328 285 311 218 - -
DR (%)? 96 90 125 224 253 291 334 376 314 366 - -
DC (%)? 08 21 31 42 28 16 13 07 02 01 - 17.1
Mean (ug/m®) 645 669 609 535 51.6 495 440 351 481 457 - -
Perioc-B +SD (ug/m) 243 350 308 274 285 252 233 185 264 220 - -
DR (%) 96 90 125 224 253 291 334 376 314 366 - -
DC (%) 00 09 35 61 41 27 17 10 04 01 - 20.5
NO,(ppb)  WS(m/s) <05 <1 <15 <2 <25 <3 <35 <4 <45 <5 >5
Mean (ppb) 344 343 396 404 365 320 288 254 225 197 160 - -
Periot-A +SD (ppb) 138 147 167 160 142 124 114 107 86 78 76 - -
DR (%) -33 -113 -89 30 147 245 305 394 462 555 - -
DC (%) -03 -26 -22 06 17 14 12 08 03 02 - 0.8
Mean (pph) 351 462 422 365 316 278 252 215 191 191 - -
Period-B +SD (ppb) 83 153 146 133 118 105 91 82 71 65 - -
DR (%) -33 -113 -89 30 147 245 305 394 462 555 - -
DC (%) 00 -11 -25 08 24 23 16 10 06 02 - 5.2
Note :

Rainy days are included in this result.
Yperiod-A: during years of 2000~ 2003; and period-B: during years of 2004~ 2009
An;: wind-speed probability for j*" sector
3DR: dispersion ratio (%) for each sector
“DC: dispersion contribution (%) for each sector
90DC: overall dispersion contribution (%)
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